The exponential filter has a parameter (T) that represents the characteristic time. This section identifies the optimal T parameter in Oklahoma. It also investigates the sensitivity of T to location and season using volumetric water content (VWC) and soil wetness index (SWI) data. SWI is a normalized soil moisture index calculated by equation (1). The formula of exponential filter were described in equation (5) and (6). The input soil moisture were either VWC or SWI at 5 cm for each site. A T ranging from 1 to 120 days was used in equation (6) to determine the optimal T parameter. For each T value, the exponential filter-based estimate of soil moisture was compared to the measured value at each depth (25 cm, 60 cm and 75 cm).
The optimal T was identified for each site at each depth using the minimum RMSE.
Supplemental Fig. S1 shows the optimal T using SWI and VWC over 29 sites at three depths. The RMSE was smaller when using SWI than when using VWC. This suggests that SWI tends to have more consistent T values across sites than VWC. Supplemental Fig. S2 illustrated the RMSE-observations standard deviation ratio (RSR) (Moriasi et al., 2007 ) based on using site-and depth-specific optimal T parameters from Fig. S1 . The RSR is the normalized RMSE (RMSE/std). It is used to compare SWI and VWC since they have different units and scales. Fig. S2 shows that using SWI yields lower errors (RSR values) and smaller error ranges compared with VWC. In this sense, it is better to use SWI as input to the exponential filter than VWC because it results in lower estimation errors.
Supplemental Fig. S1 . Comparison between optimal T determined using Soil Wetness Index (SWI) and soil moisture (SM) in Exponential filter over 29 Mesonet stations at three depths (25 cm, 60 cm and 75 cm). The number indicates the median T value over 29 Oklahoma Mesonet sites.
Supplemental Fig. S2 . Comparison between RMSE-observations standard deviation ratio (RSR) (Moriasi et al., 2007) from using SWI and VWC with optimal T in Exponential filter over the 29 Mesonet stations at three depths (25 cm, 60 cm and 75 cm). The red circles indicate the mean RSR over 29 Oklahoma Mesonet sites.
To further explore the location and seasonal sensitivity of T in exponential filter, three different sets of T parameters were evaluated: (1) site-and season-specific optimal T values;
(2) site-specific optimal T values based on the entire year; (3) median T values extracted from setting 2 or 8, 27, 43 for SWI and 9, 33 and 49 for VWC at 25 cm, 60 cm and 75 cm, respectively, from Fig. S1 . The three sets of T parameters were applied to exponential filter to calculate RMSE during the warm season, cool season and the entire year at each site. Supplemental Fig.   S3 and S4 shows the RMSE results using both SWI and VWC.
Supplemental Fig. S3 . RMSE of exponential filter using SWI and different T settings ("1": site-and season-specific T; 2: site-specific T for one season; "3": median T value from "2" or numbers in Fig. S1 ) for each site at (a) 25 cm, (b) 60 cm and (c) 75 cm. In each sub-figure, the first panel shows RMSE for the whole year (one season); the second panel shows RMSE during the warm season; and the third panel shows RMSE during the cool season. The red circles indicate the mean RMSE over 29 sites.
Supplemental Fig. S4 . RMSE of exponential filter using VWC and different T settings ("1": site-and season-specific T; 2: site-specific T for one season; "3": median T value from "2" or numbers in Figure A shows there were no significant differences between RMSE of exponential filter using different sets of T parameters ("1", "2", and "3") at all three depths (25 cm, 60 cm and 75 cm). Although using site-and season-specific T values ("1") resulted in smaller RMSE than using "2" or "3", the differences were not statistically significant. However, the RMSE did vary by season, especially at 60 cm and 75 cm. At these two depths, the errors were significantly lower in the warm season than in the cool season and the entire year.
When using VWC data (Fig. S4) , the exponential filter based on site-and season-specific T parameters ("1") had higher average errors and larger error ranges than using the annual T parameters ("2" and "3") over all three depths and seasons. Therefore, season-specific T parameters for are unnecessary for VWC.
In summary, it is not necessary to uses site-and season-specific T parameters. Our results demonstrate that using the median T parameter provides reasonable accuracy. These results are consistent with previous research. Albergel et al. (2008) and Ford et al. (2014) found that a network-average T can be used instead of the station-specific T without significant decrease in accuracy.
